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DESCRIPTION 



SPEAKER SYSTEM, SPEAKER MODULE, 



AND 



ELECTRONIC DEVICES EMPLOYING THE SAME 



TECHNICAL FIELD 



The present invention relates to a speaker system, a speaker modvile 
used for video and audio devices and communications devices, and also relates 
to electronic devices employing the speaker system or the speaker module, such 
as a mobile phone and a video game machine. 



A conventional speaker system will be described first, with reference to 
Fig. 5. Fig. 5 is a sectional view of a conventional speaker system. In the 
structure shown in Fig. 5, magnet 1 is placed between upper plate 2 and yoke 3 
to form inner magnetism-type magnetic circuit 4. Yoke 3 of magnetic circuit 4 
is connected with frame 6. On the periphery of firame 6, first diaphragm 7 is 
attached and further on which, voice coil 8 is fixed to fit in magnetic gap 5 of 
magnetic circmt 4. 

Besides, panel 9 is fixed on the periphery of fi-ame 6, and further on 
panel 9, substantially flat second diaphragm 10 is attached. With the 
structure above, first diaphragm 7 and second diaphragm 10 are acoustically 
coupled through enclosed room 11. Sound through-hole 12 in enclosed room 11 
acoustically couples first diaphragm 7 to second diaphragm 10, determining the 
positional relation between the two diaphragms. A speaker system having 
such a through-hole is introduced, for example, in Japanese Patent 
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Unexamined Publication No. 2003-179988. 

The conventional speaker system, however, has inconveniencies — ^second 
diaphragm 10 has often suffered thermal deformation due to high temperatures, 
or scratches on the surface by rubbing against other objects because of being 
exposed. 

Furthermore, second diaphragm 10 can warp by its own weight, or can be 
pulled to panel 9 by static electricity, so that panel 9 has often made a tight 
contact with second diaphragm 10 and has hampered vibrations of diaphragm 
10, This has often increased sound distortion, which can be a threat against 
improvements in performance and reliability of the speaker system. 

DISCLOSURE OF THE INVENTION 
The speaker system of the present invention contains a frame connected 
to a magnetic circuit; a first diaphragm attached to the outer periphery of the 
frame; a voice coil attached to the first diaphragm so as to partly fit into a 
magnetic gap of the magnetic circxiit; a panel attached to the frame; a room 
enclosed by the first diaphragm-attached panel; and second diaphragm 
acoustically coupled to the room siurrounded by the panel. In the structure 
above, the second diaphragm has a coating layer. With the structure, the two 
diaphragms can be effectively shaped and positioned so as to make use of the 
enclosed room between the two diaphragms, which increases flexibiHty in 
design. Besides, appljdng coating on the second diaphragm enhances the 
performance and reUabihty of a speaker system, a speaker module, and 
electronic devices employing the speaker system or the speaker module. 



BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. lA is a sectional view of a speaker system of an exemplary 




embodiment of the present invention. 

Fig. IB is an enlarged sectional view of the essential part encircled in Fig. 

lA. 

Fig. 2 is a sectional view of another speaker system of an exemplary 
5 embodiment of the present invention. 

Fig. 3 is a sectional view of a speaker modiile of an exemplary 
embodiment of the present invention. 

Fig. 4A is a sectional view of another speaker modiile of an exemplary 
embodiment of the present invention. 
10 Fig. 4B is an enlarged view of the essential part encircled in Fig. 4A. 

Fig, 5 is a sectional view of a conventional acoustically coupled-type 
speaker system. 

DETAILED DESCRIPTION OF CARRYING OUT OF THE INVENTION 
15 The speaker system of the present invention contains a frame connected 

to a magnetic circuit; a first diaphragm attached to the outer periphery of the 
frame! a voice coil attached to the first diaphragm so as to partly fit into a 
magnetic gap of the magnetic circuit; a panel attached to the fi*ame; a room 
enclosed by the panel to which the first diaphragm is attached; and second 
20 diaphragm acoustically coupled to the room sxn-rounded by the panel. In the 
structure above, the second diaphragm has a coating layer. With the structure, 
the two diaphragms can be effectively shaped and positioned so as to make use 
of the enclosed room between the two diaphragms, which increases flexibility in 
design. Besides, applying coating to the second diaphragm enhances its 
25 performance and reliability. 

The speaker system of the present invention employs a scratch-resistant 
material for the coating material apphed to the second diaphragm. As for the 
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coating material, cross-linkable acrylic resin is desirable; in particvilar, 
ultraviolet curable acrylic resin is much preferable. Scratch resistance of the 
second diaphragm can be enhanced by coating a material formed of 
cross-linkable acrylic resin over the surface of the second diaphragm. 
Fxirthermore, emplojdng the ultraviolet curable acryhc resin shortens the time 
for the forming process of the coating material, thereby increasing the 
productivity. Methacrylate resin is included in the aforementioned 
cross-linkable acryhc resin. 

As another aspect of the present invention, the speaker system employs a 
heat-resistant material for the coating material of the second diaphragm. As 
for the material, sihcon-base resin is preferable, which contributes to an 
increased heat resistance of the second diaphragm. Appljdng the coating 
material of sihcon-base resin to both sides of the second diaphragm is much 
preferable — ^the double coating allows the coefficients of thermal expansion and 
contraction of the second diaphragm and the coating material to determine at a 
same rate on both sides, thereby enhancing the stabihty in shape with no warp 
even in a shght change of temperatiires. 

As yet another aspect of the present invention, the speaker system 
employs an antireflection material for the coating material of the second 
diaphragm. As for the material, a transparent resin having j&ne particles 
dispersed therein is desirable. Employing such a material can suppress the 
reflection of hght on the second diaphragm, thereby increasing visibihty of signs 
or markings disposed beneath the second diaphragm. 

As still another aspect of the speaker system of the present invention, the 
second diaphragm has a single -layered or multUayered coating combining any 
one of a scratch-resistant material, a heat-resistant material, and an 
antireflection material on one side, or both sides. With the structure, an 



advantage of each material is selectively obtained as necessary, and more than 

one effects can be expected in the combined coating and multi-layered coating. 

As another aspect of the speaker system of the present invention, the 

first diaphragm is smaller than the second diaphragm. By employing the 
5 structure for speaker modules and electronic devices, such modules and devices 

can be further compact, giving enhanced flexibility in design. 

As still another aspect of the speaker system of the present invention, a 

transparent film is used for the second diaphragm. By virtue of the 

transparency, signs and markings disposed beneath the second diaphragm can 
10 be easily read. By employing the structure for speaker modules and electronic 

devices, such modxiles and devices can be further compact, giving enhanced 

flexibility in design. 

As yet another aspect of the speaker system of the present invention, the 

second diaphragm has microscopic irregularity on the panel-side surface. With 
15 the structure, the second diaphragm and the flat panel disposed in the narrow 

gap can be fairly firee fi-om attracting each other by static electricity, and they 

have no surface-to-surface contact with each other. Therefore, reUabiUty of 

firequency response can be improved. 

As still another aspect of the speaker system of the present invention, the 
20 panel has microscopic irregxilarity on the surface on the side of the second 

diaphragm. In this case, too, the second diaphragm and the flat pane facing 

each other via the narrow gap can be fairly fi*ee fi-om attracting each other by 

static electricity, and they have no surface-to-surface contact with each other. 

Therefore, reHabihty of firequency response can be improved. 
25 The speaker module of the present invention has a structure in which the 

display section is located under the second diaphragm of the speaker system. 

With the structure, the display section and the speaker system can be 




incorporated in a compact modiile. 

The electronic device of the present invention contains the speaker 
modtde of the present invention and an operation panel. The structure 
reduces the physical size of an electronic device. 
5 As described above, the present invention relates to a speaker system 

using the second diaphragm having scratch-resistant, heat-resistant, or 
anti-reflection coating. Besides, the speaker system employs the second 
diaphragm and the panel — either one of which has microscopic irregularity on 
the surface — ^to form acoustically coupled-t3T)e speaker system. 
10 Furthermore, the structure, in spite of having a relatively large second 

diaphragm 30, encourages further downsizing of a speaker module, providing 
the modxile with flexibility in design. 

Hereinafter, the exemplary embodiments of the present invention will be 
described with reference to the accompanying drawings. 

15 

FIRST EXEMPLARY EMBODIMENT 

Fig. lA is a sectional view of a speaker system of an embodiment of the 
present invention. Fig. IB is an enlarged view of the essential part encircled 
in Fig. LA. In the structxire shown in Figs. lA and IB, magnet 21 is placed 

20 between upper plate 22 and yoke 23 to form inner magnetism type magnetic 
circuit 24. Yoke 23 of magnetic circuit 24 is connected with frame 26. The 
outer periphery of first diaphragm 27 is attached on the periphery of fi-ame 26. 
Voice coil 28 is so disposed that one end is fixed to first diaphragm 27 and the 
other end is fit in magnetic gap 25 of magnetic circuit 24. 

25 Besides, panel 29 is fixed on the periphery of firame 26, and further on 

panel 29, substantially flat second diaphragm 30 is attached. Enclosed room 
31 acoustically couples, via sound through-hole 32, first diaphragm 27 with 




second diaphragm 30. Second diaphragm 30 is coated with material that 
enhances the reUabUity and performance of diaphragm 30. 

By emplo3dng a scratch-resistant material for coating material, the 
surface of second diaphragm 30 — usually exposed to outside — ^is protected by a 
5 hard coat. As for the coating material, cross-linkable acrylic resin is desirable. 
In particxilar, ultraviolet curable acryUc resin is much preferable. The coating 
can protect second diaphragm 30 from scratches due to rubbing against other 
objects, thereby improving scratch resistance of diaphragm 30. Furthermore, 
the use of aforementioned xiltraviolet ciu-able acryUc resin can shorten the time 

10 for drying the coating material, thereby increasing the productivity. 

Material with high heat resistance, such as silicon-base resin, can be the 
coating material. The use of heat*resistant material can protect second 
diaphragm 30 imder high temperatures, preventing diaphragm 30 from heat 
deformation, i.e., enhancing heat resistance of diaphragm 30. Furthermore, 

15 applying the heat-resistant coating material to both sides of second diaphragm 
30 is much preferable — the double coating allows the coefficients of thermal 
expansion and contraction of the second diaphragm and the coating material to 
determine at a same rate on both sides, thereby enhancing the stabiUty in 
shape with no warp even in a sUght change of temperatures. 

20 An antireflection material can be employed for the coating material. 

The use of antireflection coating material decreases the reflection of hght on 
second diaphragm 30, thereby increasing visibility of signs or markings 
disposed beneath diaphragm 30. As for the material, a transparent resin 
having fine particles dispersed therein is desirable. The similar effect can be 

25 obtained by embossing the surface after coating. 

The coating can be formed such that combinations of different coating 
layers or mxilti-layered coating of different coating materials on either side of 
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front surface 30A or back surface SOB, or on both sides. That is, one of surface 
30A or surface 30B, or both surfaces may be covered with the coating layers 
formed of the materials with high scratch resistance, heat resistance, and 
antireflection. With the structure, an advantage of each material is selectively 
obtained according to requested performance. 

With the use of the aforementioned coating material, a coating layer can 
be differently formed on front surface 30A and back svorface 30B of second 
diaphragm 30. With the coating, an advantage of each coating material is 
selectively obtained according to requested performance. 

Furthermore, multi-layered coating combined with any one of coating 
materials above can be apphed to second diaphragm 30. With the structxire, 
an advantage of each material is selectively obtained according to requested 
performance, and a plurality of effects or synergy effect can be expected in the 
multi-layered coating. 

The structure of the embodiment, as described above, can enhance the 
reUabiUty and performance of second diaphragm 30, 

SECOND EXEMPLARY EMBODIMENT 

Fig. 2 illustrates the structure of a speaker system of the second 
embodiment of the present invention. The speaker system of the embodiment 
employs first diaphragm 27 having an outer diameter smaller than that of 
second diaphragm 30. Tb be more specific, second diaphragm 30 has an outer 
diameter large enough to include the whole structure of first diaphragm 27. In 
spite of having a relatively large second diaphragm 30, the structure above 
encoiu*ages further downsizing of a speaker module, providing the module with 
flexibihty in design. 




THIRD EXEMPLARY EMBODIMENT 

In the speaker system of the third embodiment, a transparent film is 
used for second diaphragm 30. By virtue of the transparency, items disposed 
beneath the second diaphragm can be easily read. The exploitable space under 
5 the transparent film allows the parts-layout to expand in the vertical direction, 
as well as in the horizontal direction. Therefore, in spite of having a relatively 
large second diaphragm 30, the structure above encourages further downsizing 
of a speaker module, as weU as giving flexibUity in design. 

10 FOURTH EXEMPLARY EMBODIMENT 

According to the speaker system of the fourth embodiment, microscopic 
irregularity are disposed either i) on the surface of second diaphragm 30 on the 
side of panel 29 or ii) on the surface of panel 29 on the side of second diaphragm 
30. With the structvire, the second diaphragm and the flat panel disposed in 

15 the narrow gap can be fairly free from attracting each other by static electricity, 
and they have no surface-to-surface contacting with each other. Therefore, the 
structure free from sound distortion can improve the reUabihty of frequency 
characteristics. 

20 FIFTH EXEMPLARY EMBODIMENT 

Hereinafter wiQ be described a speaker module of the fifth embodiment 
of the present invention. Fig. 3 shows a speaker module having at least 
display section 41 and speaker system 40. Speaker system 40 employs second 
diaphragm 30 described in the first through fourth embodiments. Speaker 

25 modvde 50 has a structure in which speaker system 40 is laid over display 
section 41 so as to cover display section 41. Second diaphragm 30 of the 
embodiment is formed of a transparent film, and a part of frame 29 at least 




facing second diaphragm 30 is made of a transparent material. With the 
structure, display section 41 disposed beneath the transparent film sheet can be 
seen through panel 29 fi:om the direction of second diaphragm 30. 

In an acoustically coupled speaker module having room for improvement 
5 in miniatvirization and flexibihty in design, the use of the structtire above 
enhances the reliability and performance of exposed second diaphragm 30. 
Forming such a module can simplify the processes in assembly Unes or in parts 
distribution, thereby contributing to cost-reduced production. 

10 SIXTH EXEMPLARY EMBODIMENT 

Fig. 4A is a sectional view of a mobile phone that employs a speaker 
module of an embodiment of the present invention. Fig. 4B shows the 
essential part of encircled in Fig. 4A. 

The electronic device of Fig. 4A is mobile phone 51 formed of i) speaker 
15 module 50 at least containing display section 41 and speaker system 40 and ii) 
operating section 42. 

Mobile phone 51 employs speaker module 50 described in the fifth 
embodiment. The essential part of the device is so formed that speaker 
module 50 is attached to outer case 52 and operating section 42 is located next 
20 to speaker module 50. 

Front surface 30 of second diaphragm 30 of speaker module 50, as shown 
in Fig. 4B, is provided with coating having high heat-resistance, 
scratch-resistance, and antireflection. On back surface BOB of diaphragm 30, 
microscopic irregularity and heat-resistant coating are appKed. 
25 Display section 41 is located in the space under second diaphragm 30 

made of transparent film and the transparent panel, and operating section 42 is 
disposed next to display section 41. The structvire allows mobile phone 51 to 




have a compact body and to enhance flexibility in design, improving the 
reliability and performance of exposed second diaphragm 30. 

Operating section 42 can be integrated into the panel, for example, as a 
touch panel, and both of display section 41 and operating section 42 can be 
disposed in the space under the transparent film. In this case, too, appl5dng 
coating over transparent film-made second diaphragm 30 can improve the 
reliability and performance of the diaphragm. 

The structure of the present invention can thus promote miniattirization, 
flexibiUty in design, and reliabihty and performance of mobile phone 51. 

INDUSTRIAL APPLICABILITY 
The speaker system and the speaker module of the present invention 
employ a transparent film and a transparent panel for the structure. By 
virtue of the transparency, the display section disposed under the panel can be 
easily seen, i.e., the display section can be located adjacent to the sound 
producing section. The structure can be widely employed for video and audio 
equipment, communications equipment, video game machines, and the like. 



